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(57) ABSTRACT

An electrooptical manufacturing apparatus 1s provided for
manufacturing an electrooptical apparatus with an improved
liguid crystal display quality. The apparatus basically
includes a dam-forming section or apparatus, a droplet-eject-
Ing section or apparatus, a seal-forming section or apparatus
and a pressure applying section or apparatus. The dam-form-
ing section 1s configured and arranged to form a dam that
defines a liquid crystal area on the internal surface of a first
substrate. The droplet-ejecting section 1s configured and
arranged to ¢ject and drop a specific amount of liquid crystal
inside the dam. The seal-forming section 1s configured and
arranged to form a seal that 1s disposed on the external periph-
ery of the dam for sealing a second substrate disposed oppo-
site the first substrate. The pressure applying section 1s con-
figured and arranged to superpose and press 1n a vacuum
atmosphere the second substrate onto the seal formed on the
first substrate.
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ELECTROOPTICAL MANUFACTURING
APPARATUS, ELECTROOPTICAL
APPARATUS, AND ELECTRONIC DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention generally relates to an electrooptical
apparatus for manufacturing an electrooptical apparatus.
More specifically, the present invention relates to an elec-
trooptical apparatus designed to achieve improved liquid
crystal display quality 1n an electrooptical apparatus.

2. Background Information

A liquid crystal apparatus 1s commonly formed by a pro-
cess 1n which a lighting apparatus such as a backlight, and an
auxiliary device such as an integrated circuit (IC) for driving
liquad crystals are mounted on a liquid crystal display panel
that 1s obtained by sealing a liquid crystal between two sub-
strates.

A liquid crystal display panel 1s commonly formed by a
method 1n which a first substrate provided with a first elec-
trode, and a second substrate provided with a second elec-
trode are laminated together by a seal that forms a gap formed
between the first and second substrates. The gap formed
between the first and second substrates 1s often called a cell
gap. A liquid crystal 1s then mnjected through an injection port
into the gap formed between the first and second substrates. A
plug 1s used for closing the imjection port after the liquid
crystal has been 1njected. Thus, the liquid crystal 1s sealed 1n
the cell gap by a commonly known 1njection method.

As used herein, the term “liqud crystal injection method”
refers to a method 1n which a liquid crystal i1s injected by a
pressure difference through a liquid crystal injection port
under a vacuum, and the method for itroducing the liquid
crystal 1s as follows. First, a yet-unsealed liqud crystal dis-
play element (referred to hereinbelow as “a liquid crystal
display cell”) 1s thoroughly degassed 1n a vacuum, and the
injection port 1s sealed with a liquid crystal. The liquid crystal
display cell thus obtained 1s returned to the atmosphere, and 1s
then filled using surface tension and the pressure difference
between the inside and outside of the liquid crystal display
cell. For this reason, the process becomes extremely time-
consuming as the liquid crystal display element increases 1n
s1ze. A resulting drawback 1s that the process lasts a day or
longer for a large substrate measuring one meter or greater on
a side, which 1s impractical from the manufacturing stand-
point.

In view of this, 1t has been proposed in the past to forgo the
injection of liquid crystals and to use an inkjet process. In this
inkjet process, a droplet-ejecting head 1s used to eject a iquud
crystal into the frame of a first substrate obtained by forming
a frame-like seal, and then laminating a mating second sub-

strate onto the first substrate, as disclosed 1n Japanese Laid
Open Patent Publication Nos. 05-281562, 10-221666 and

2001-183674.

The conventional inkjet processes described in these Patent
Publications are disadvantageous, however, 1n that the liquid
crystal 1s often contaminated with impurities and the liqud
crystal display quality 1s compromised because of the contact
between the liquid crystal and the uncured seal.

In view of the above, 1t will be apparent to those skilled in
the art from this disclosure that there exists a need for an
improved electrooptical manufacturing apparatus for manu-
facturing an electrooptical apparatus. This invention
addresses this need in the art as well as other needs, which will
become apparent to those skilled 1n the art from this disclo-
sure.

10

15

20

25

30

35

40

45

50

55

60

65

2
SUMMARY OF THE INVENTION

In view of the above-described drawbacks, 1t 1s an object of
the present invention to provide an electrooptical manufac-
turing apparatus for manufacturing an electrooptical appara-
tus, and also to provide an electrooptical apparatus and an
clectronic device that are manufactured by the electrooptical
manufacturing apparatus of the present invention.

The foregoing object 1s basically attained by providing an
clectrooptical manufacturing apparatus for manufacturing an
clectrooptical apparatus that comprises a dam-forming sec-
tion, a seal-forming section, a droplet-ejecting section and a
droplet-ejecting section. The dam-forming section 1s config-
ured and arranged to form a dam that defines a liquid crystal
area on an internal surface of a first substrate. The seal-
forming section 1s configured and arranged to form a seal
disposed around an external periphery of the dam to seal a
second substrate disposed opposite the first substrate. The
droplet-ejecting section 1s configured and arranged to drop a
specific amount of liquid crystal inside the dam. The pressure
applying section 1s configured and arranged to press the sec-
ond substrate onto the seal formed on the first substrate.

—

These and other objects, features, aspects and advantages
of the present invention will become apparent to those skilled
in the art from the following detailed description, which,
taken 1n conjunction with the annexed drawings, discloses a
preferred embodiment of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Referring now to the attached drawings which form a part
of this original disclosure:

FIG. 1 1s a schematic diagram 1illustrating the steps for
manufacturing an electrooptical apparatus (a liquid crystal
panel) in accordance with the first embodiment of the present
invention wherein of the electrooptical manufacturing appa-
ratus for manufacturing an electrooptical apparatus 1s dia-
grammatically illustrated;

FI1G. 21s a schematic diagram illustrating the electrooptical
apparatus (the liquid crystal panel) being formed by the
manufacturing steps illustrated in FIG. 1 1n accordance with
the first embodiment of the present invention;

FIG. 3 1s a diagrammatic edge elevational view of the
clectrooptical apparatus that was manufactured by the steps
illustrated 1n FIGS. 1 and 2 in accordance with the first
embodiment of the present invention;

FIG. 4 1s an enlarged partial diagrammatic edge elevational
view ol a portion of the electrooptical apparatus (the liquid
crystal panel) 1llustrated in FIG. 3 1n accordance with the first
embodiment of the present invention;

FIG. 5 1s a diagrammatic perspective view of a thin film
forming apparatus used to perform the manufacturing steps
illustrated 1n FIG. 1 1n accordance with the first embodiment
of the present invention;

FIG. 6 1s an enlarged partial diagrammatic perspective
view of the droplet-¢jecting head used 1n the thin film forming
apparatus 1llustrated 1in FIG. § in accordance with the first
embodiment of the present invention;

FIG. 7 1s an enlarged partial diagrammatic cross sectional
view of the droplet-ejecting head illustrated 1n FIG. 6 1n
accordance with the first embodiment of the present mven-
tion;

FIG. 8 15 a perspective view of a personal computer with a
liquid crystal panel manufactured in accordance with another
embodiment of the present invention; and
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FIG. 9 1s a perspective view ol a portable phone with a
liquid crystal panel manufactured 1n accordance with still
another embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Selected embodiments of the present invention will now be
explained with reference to the drawings. It will be apparent
to those skilled in the art from this disclosure that the follow-
ing descriptions of the embodiments of the present invention
are provided for 1llustration only and not for the purpose of
limiting the mvention as defined by the appended claims and
their equivalents.

Referring imitially to FIGS. 1-4, a schematic diagram of an
clectrooptical manufacturing process 1s 1llustrated for manu-
facturing an electrooptical apparatus (a liquid crystal panel)
100 1n accordance with a first embodiment of the present
invention, wherein the electrooptical manufacturing appara-
tus for manufacturing an electrooptical apparatus 1s diagram-
matically illustrated. FIG. 1 1s a schematic diagram 1llustrat-
ing the steps for manufacturing the electrooptical apparatus
or liquid crystal panel 100 in accordance with the first
embodiment of the present invention wherein the electroop-
tical manufacturing apparatus for manufacturing an elec-
trooptical apparatus 1s diagrammatically i1llustrated. FIG. 2 1s
a schematic diagram of the manufacturing steps for produc-
ing the electrooptical apparatus or liquid crystal display panel
100. FIG. 3 1s a schematic diagram of the completed elec-
trooptical apparatus or liquid crystal display panel 100. FIG.
4 1s an enlarged partial diagrammatic edge elevational view of
a portion of the electrooptical apparatus or liquid crystal

panel 100 1llustrated in FIG. 3.

As seen 1 FIG. 1, the electrooptical apparatus or liquid
crystal display panel 100 1s formed by a method 1n which a
first substrate 1 provided with a first electrode, and a second
substrate 4 provided with a second electrode are laminated
together by an annular seal 2. A liquid crystal 3 1s sealed 1n the
cell gap formed between the substrates 1 and 4. An annular
dam 50 1s disposed adjacent the seal 2 such that the dam 50
defines a liquid crystal area on the internal surface of the first
substrate 1. Preferably, the seal 2 and the dam 50 are bonded
together during the manufacturing process of the liquid crys-
tal display panel 100. High seal strength can be maintained
simply by using a thermosetting or photo-setting adhesive as
the sealant for the seal 2 that 1s heated or light 1rradiated.

The dam 50 separates the seal 2 from the liqguid crystal 3
located 1n the liquid crystal area to prevent the liquid crystal
3 from being contaminated by the impurities or the like from
the seal 2. Thus, the dam 50 prevents liquid crystal display
quality from being lowered. It 1s also possible to adopt an
arrangement 1n which the seal 2 1s made higher than the dam
50 to improve the bonding properties as explained below.

The liquid crystal display panel 100 can be made more
compact, and the liquid crystal display area can be reduced,
by disposing the dam 50 and the seal 2 adjacent to each other.
It 1s also possible to adopt an arrangement 1n which the dam
30 and the seal 2 are made from the same matenal. It 1s further
possible to adopt an arrangement 1n which the formed dam 50
1s rendered liquid-repellent and conferred with low wettabil-
ity.

The substrate interval can be kept constant and the display
quality of a liquid crystal panel can be prevented from being
lowered due to the non-uniformities of the gap between the
substrates by using an adhesive that contains spacing particles
as the sealant.
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The structure of a liquid crystal display panel, which 1s the
clectrooptical apparatus or liquid crystal display panel 100
pertaining to the present invention, will now be described
with reference to FI1G. 4. The liquid crystal display panel 100
in accordance with the present embodiment has the first sub-
strate 1 and the second substrate 4 disposed opposite each
other, with liquid crystal display elements 106 and 107 being
formed on the internal surfaces of the first substrate 1 and the
second substrate 4, respectively. Specifically, aretlective film
(aluminum, silver, or the like) 101, a color filter (CF) 102, an
overcoat layer (OVC) 103, atransparent electrode 104, and an
oriented film 105 are sequentially formed on the first sub-
strate 1 to obtain the liquid crystal display element 106 on the
internal side of the first substrate 1, as shown 1n FIG. 4. A
transparent electrode 104' and an oriented film 105" are also
formed on the internal surface of the second substrate 4. The
transparent electrodes 104 and 104" are formed from ITO
(indium tin oxide) or another transparent electrode material.
The transparent electrode 104' 1s provided with a specific
pattern to obtain a liquid crystal display element 106 on the
internal side of the second substrate 4. The oriented films 105
and 105" are formed, for example, from polyimide (PI) or
another film material, and are subjected to an orientation
treatment (rubbing treatment).

The seal 2 1s preferably configured and arranged 1n a sub-
stantially rectangular configuration on the internal peripher-
1ies ol the first substrate 1 and the second substrate 4 that have
been provided with liquid crystal display elements in the
above-described manner. The annular dam 50 1s disposed
adjacent the seal 2 such that the dam 50 defines a liquid crystal
area on the internal surface of the first substrate 1. Preferably,
the seal 2 and the dam 50 are bonded together during the
manufacturing process of the liquid crystal display panel 100.
The seal 2 preferably contains spacing particles 110 that are
dispersed throughout the seal 2. The spacing particles 110
serve as spacers to maintain a specific gap between the first
and second substrates 1 and 4 so as to create a so called cell
gap.

The liqud crystal also preferably contains spacing par-
ticles 111, which serve as spacers. Thus, the spacing particles
111 also serve to maintain a specific gap between the first and
second substrates 1 and 4 so as to create the so called cell gap.
Thus, the spacing of the substrates 1 and 4 can be kept con-
stant and the display quality of a liquid crystal panel can be
prevented from being lowered due to the non-uniformities of
the gap between the substrates 1 and 4 by dispersing the
spacing particles 111 on the substrate 1 after the placement of
the seal 2. The use of a separate step for dispersing the spacing
particles 111 can be eliminated by dispersing the spacing
particles 111 together with the liquid crystal 3.

The electrooptical manufacturing apparatus for manufac-
turing an electrooptical apparatus 100 in accordance with the
present embodiment will now be described with reference to
FIGS. 1 and 2. The electrooptical manufacturing apparatus
for manufacturing the electrooptical apparatus 100 1n accor-
dance with the present embodiment basically includes a dam-
forming section or apparatus 51, a droplet-ejecting section or
apparatus 32, a seal-forming section or apparatus 53 and a
pressure applying section or apparatus 35. The dam-forming
apparatus 51 1s configured and arranged to form the dam 50
that defines a liquid crystal area on the internal surface of the
first substrate 1. The droplet-¢jecting apparatus 352 1s config-
ured and arranged to eject and drop a specific amount of liquid
crystal 3 inside the dam 50. The seal-forming apparatus 53 1s
configured and arranged to form the seal 2 that 1s disposed
around the external periphery of the dam 50. The seal 2
extends higher than the dam 50 from the first substrate 1.
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Thus, the seal 2 1s designed to form a seal for sealing the first
and second substrates 1 and 4 together. The pressure appara-
tus 55 1s configured and arranged to superpose and press the
second substrate 4 onto the seal 2 that 1s formed on the first
substrate 1. Preferably, the pressing of the second substrate 4
onto the seal 2 on the first substrate 1 1s performed 1n a
vacuum atmosphere 34, as shown in FIGS. 1 and 2.

The dam 50 1s preferably formed of a material thathas high
liquid repellency with respect to the liquid crystal. For
example, the dam 50 1s preferably treated with a fluorine-
based gas plasma or subjected to another liquid repellency
treatment that confers a low wettability property to the dam
50 relative to the liquid crystal 3. It 1s also possible to use a
fluororesin on the dam 50. Examples of surface treatments
based on the use of such fluorine-based gas plasma treatments
include a reduced-pressure plasma treatment or atmospheric-
pressure plasma treatment in which a gas that contains fluo-
rine or a fluorine compound 1s used as the gas being intro-
duced. The dam 50 i1s wrradiated with plasma i1n an
atmospheric-pressure or reduced-pressure environment con-
taining a tluorine compound or oxygen. Examples of gases
that contain fluorine or fluorine compounds include CF ,, SF,
and CHF ;.

The dam 50 1s preferably formed, for example, by one of a
dispenser method, a screen printing method, an inkjet print-
ing method, or the like. After being formed, the dam 50 1s
preferably hardened by heating or the like. Forming the dam
50 1n this manner prevents any contact between the liquid
crystal 3 and the uncured seal 2, when the liquid crystal 3 1s
applied. Thus, the dam 50 eliminates the adverse effects such
as those caused by contamination with the impurities from the
seal 2, and therefore making 1t possible to improve the liquid
crystal display quality.

Next, an example of a thin film forming apparatus 10 for
applying a liquud crystal in accordance with the present
embodiment 1s shown i FIGS. 5 to 7. The apparatus 10 1s
used for forming a thin film (liqud crystal) on a substrate of
a liquid crystal display apparatus, as shown 1n FIG. 5. In this
embodiment, the liquid crystal 3 is ejected into an internal
arca defined by the dam 50 and the seal 2 that have been
formed 1n a frame configuration on the internal surface side of
the first substrate 1 having the liquid crystal display element
106. The second substrate 4 having the oppositely formed
liquid crystal display element 107 1s then laminated, and a
liquad crystal display panel 100 such as the one shown 1n FIG.
4 1s formed.

Any commercially available adhesive can be substituted
herein as the sealant for forming the seal 2. However, 1t 1s
preferably that any sealant material contains dispersed spac-
ing particles 110 for maintaining the thickness between the
substrates 1 and 4 and maintaining the desired weight of the
liquad crystal. Of course, as mentioned above, the gap
between the substrates 1 and 4 can also be kept uniform by
dispersing the spacing particles 111 on the substrates 1 and 4
after the seal 2 has been formed. The spacing particles 111 can
be dispersed before, simultaneously or after the liquid crystal
3 has been applied.

Of course, the additional step for dispersing the spacing
particles 111 can be eliminated by adopting an approach in
which the liquid crystal 3 contains the spacing particles 111
such that the coating solution 11 contains the liquid crystal 3
and the spacing particles 111. Thus, the liquid crystal 3 and
the spacing particles 111 are simultaneously sprayed from the
droplet-ejecting apparatus 10 1n a single step.

A thermosetting adhesive or photo-setting adhesive can be
used as the sealant, and plastic particles such as silica par-
ticles or polystyrene particles, particles obtained by coating,
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silica particles with thermoplastic particles, or the like can be
used as the spacing particles. A specific amount of liquid
crystal 1s applied 1n a flat configuration from a droplet-eject-
ing nozzle into an area enclosed within the frame-like seal 2
formed on the substrate 1.

A liquid crystal display element can be obtained by curing
the adhesive after second substrate 4 has been laminated to
the first substrate 1. The lamination should preferably be
performed 1n a vacuum.

The thin film forming apparatus 10 1n accordance with the
present embodiment basically comprises a droplet-ejecting,
apparatus 13 having a droplet-¢jecting head 12 for ejecting,
for example, liquid crystal or another coating solution 11 onto
the internal surface of the first substrate 1 that 1s provided with
a liquid crystal display element. The thin film forming appa-
ratus 10 also comprises a movement apparatus 14 and a
control umt 15. The movement apparatus 14 1s configured and
arranged to allow the positions of the droplet-¢jecting head 12
and the substrate 1 to be moved relative to each other. The
control unit 15 1s configured and arranged to control the
droplet-ejecting apparatus 13 and movement apparatus 14, as
shown in FIG. 5.

The movement apparatus 14 basically comprises a rotat-
able substrate platform 16, a rotatable head support 17, a
movable platform 18 and a platform drive 19. The head sup-
port 17 supports the droplet-ejecting head 12 such that the
droplet-ejecting head 12 faces down towards the substrate 1
that 1s mounted the substrate platform 16. The head support
17 1s configured and arranged on the movable platform 18 for
movement 1n the direction of the X-axis by the movable
platform 18, as shown 1n FIG. 5. The head support 17 1s
turther configured and arranged on the movable platform 18
for up and down movement 1n the direction of the Z-axis and
for rotational movement in the direction about a vertical axis,
as shown in FIG. 5.

The head support 17 preferably comprises a linear motor or
other mechanism configured and arranged to move and posi-
tion the droplet-ejecting head 12 with an arbitrary movement
speed relative to the substrate 1 in the direction of the Z-axis,
which 1s perpendicular to the substrate 1. The head support 17
also preferably comprises a stepping motor or other mecha-
nism configured and arranged to set the droplet-ejecting head
12 to an arbitrary angle relative to the underlying substrate 1
by rotating the head about the vertical axis.

The platform drive 19 1s configured and arranged to move
the substrate 1 together with the substrate platform 16 1n the
direction of the Y-axis relative to the overlying droplet-eject-
ing head 12, as shown in FIG. 5. The platform drive 19
preferably comprises a O-platform 20 and a linear platform
21. The O-platform 20 preferably includes a stepping motor or
the like, while the linear platform 21 preferably includes a
linear motor or the like. The O-platform 20 1s configured and
arranged to rotate the substrate platform 16 about the vertical
axis and to set the substrate platform 16 to an arbitrary angle
relative to the overlying droplet-ejecting head 12. The linear
platiorm 21 1s configured and arranged to move and position
the substrate platform 16 1n the horizontal direction (Y-direc-
tion) relative to the droplet-ejecting head 12.

The droplet-¢jecting apparatus 13 comprises the droplet-
¢jecting head 12 and a tank 23 connected thereto by a tube 22.
Thetank 23 15 a device for storing the coating solution 11 and
feeding this coating solution 11 to the droplet-¢jecting head
12 via the tube 22. Thus, the droplet-ejecting apparatus 13 1s
adapted to eject the coating solution 11 stored 1n the tank 23
from the droplet-ejecting head 12, and to apply the solution to
the substrate 1. The droplet-ejecting head 12 can operate on a
principle whereby, for example, a liquid chamber 1s com-
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pressed by a piezoelement, and droplets (liquid matenal) are
ejected by the resulting pressure. The head 12 has a plurality
ol nozzles (nozzle holes) arranged in a single row or a plu-
rality of rows.

An example of the structure of the droplet-ejecting head 12
1s described with reference to FIGS. 6 and 7. As shown 1n
FIGS. 6 and 7, the droplet-ejecting head 12 comprises, for
example, a stainless steel nozzle plate 31 and a vibrating plate
32, and a reservoir plate formed by a plurality of partitioning
members 33. The plates 31 and 32 are joined via the parti-
tioming members 33. The partitioning members are config-
ured and arranged to form a plurality of spaces 34 and a liquid
reservolr 35 between the nozzle plate 31 and the vibrating
plate 32. The spaces 34 and the liquid reservoir 35 are filled
with a liquid material or coating solution 11 (not shown in
FIGS. 6 and 7). The spaces 34 and the liquid reservoir 33 are
fluidly connected together by a plurality of feed ports 36. In
addition, fine nozzles or holes 37 for spraying the liquid
material or coating solution 11 from the spaces 34 are formed
in the nozzle plate 31. Also, a hole 324 1s formed 1n the
vibrating plate 32 for feeding the coating solution 11 to the
liquid reservoir 35.

Piezoelectric elements 38 are bonded to the upper surface
ol the vibrating plate 32 that 1s opposite the surface facing the

spaces 34, as shown in FIGS. 6 and 7. Each piezoelectric
clement 38 1s positioned between two electrodes 39, as shown
in FIG. 7. The piezoelectric elements 38 bend so that they
protrude outward when energized. The vibrating plate 32 to
which the piezoelectric elements 38 are bonded 1n this struc-
ture are integral with the piezoelectric elements 38 and are
bent outward at the same time as the elements, resulting 1n a
configuration in which the internal volume of the spaces 34
increases as a result of this action. Consequently, the liquid
material enters the spaces 34 from the liquid reservoir 35 via
the feed ports 36 1n an amount corresponding to the increase
in the internal volume of the spaces. In addition, the piezo-
clectric elements 38 and the vibrating plate 32 both return to
theirr mitial shape when the piezoelectric elements 38 are
de-energized from such a state. Consequently, the pressure of
the coating solution 11 1n the spaces increases, and fog-like
droplets of the liquid material are ejected from the nozzle 37
toward the substrate 1 because the spaces 34 return to their
original volume.

A system other than a piezo-jet type which uses piezoelec-
tric elements can also be used for the droplet-¢jecting head
12, and the liquid crystal, or the coating solution 11, can be
sprayed through the fine nozzles by using an ultrasonic motor,
linear motor, or the like, or by inducing vibrations and apply-
ing pressure within the tank. The liquid crystal in the tank
should be subjected to a foaming treatment in advance. The
droplet-ejecting apparatus 13 can also be configured as a
so-called bubble-1et® system 1n which the liquid crystal 3 1s
sprayed through fine nozzles by heating the liquid crystal or a
mixture of the liquid crystal and a low-viscosity volatile lig-
uid 1n the tank, and expanding or foaming this substance.

The control unit 15 comprises a microprocessor or other
CPU with a control program for controlling the entire appa-
ratus 10, and a computer or other device having the function
of inputting and outputting various signals. At least one of the
operations mvolving the ¢jecting action of the droplet-eject-
ing apparatus 13 and the moving action of the movement
apparatus 14 can be controlled by electrically connecting the
droplet-ejecting apparatus 13 and movement apparatus 14, as
shown 1n FI1G. §, with both operations being controlled 1n the
present embodiment.
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Adopting such an arrangement allows the conditions for
ejecting liguid droplets to be adjusted, and the coating amount
of the resulting thin film (liquid crystal) to be controlled.

Specifically, the control unit 15 has the following functions
for controlling the coating amount: (1) a control function or
section for adjusting the interval at which liquid droplets are
¢jected onto the substrate; (2) a control function or section for
adjusting the amount 1n which the liquid droplets are ejected
per dot; (3) a control function or section for setting the angle
(0) between the direction 1n which the nozzles are arranged
and the direction 1n which the system 1s moved by the move-
ment mechanism; and (4) a control function or section for
dividing the substrate into a plurality of areas and setting the
ejection conditions for each area.

Furthermore, the control unit 15 has the following func-
tions for adjusting the ejection interval: (1) a control function
or section for adjusting the relative movement speed and
¢jection interval between the substrate 1 and the droplet-
ejecting head 12; (2) a control function or section for adjust-
ing the ejection time interval and ejection interval of the
movement means; and (3) a control function or section for
arbitrarily selecting, from a plurality of nozzles, the nozzles
for simultaneously ejecting the coating solution, and adjust-
ing the ejection interval.

It 1s also possible to provide heating unit for heating the
tank 23, tube 22, and droplet-ejecting head 12 as needed in
order to raise the temperature and maintain the desired tluid-
ity of the liquid crystal as the coating solution 11. The vis-
cosity of the coating solution 11 should preferably be kept at
20 mPass or less 1n the case of an inkjet method, and 1s kept at
about 12 mPa¢s by heating the solution to about 60 degrees 1n
the case of a liquid crystal. The nozzle diameter can, for
example, be set to about 27 to 28 um.

Manufacturing the liquid crystal display apparatus in
accordance with the present embodiment involves, for
example, forming a thermosetting dam 50 with a dispenser or
the like on the first substrate 1 provided with a liquid crystal
display element 106. In the process, spacing particles may be
added to the dam 50 1n order to maintain a uniform gap
between the substrates. The dam 50 1s then cured by keeping
the substrates in a baking furnace for 10 minutes at 210° C.

The thin film forming apparatus 10 1s then used to apply the
liquid crystal to within the liquid crystal area 1inside the dam
50. In the process, spacing particles 111 can be added to the
liquid crystal 1n order to maintain a umiform gap between the
substrates 1 and 4. In this case, the liquid crystal 3 are prei-
erably applied 1n an amount such that the top end face of the
liquid crystal layer following application and the top end face
of the dam 50 have substantially the same height.

The seal 2 1s subsequently formed with a dispenser or the
like outside the dam 50. In the process, spacing particles can
be added to the seal 2 1n order to maintain a uniform gap
between the substrates 1 and 4.

The seal 2 1s formed adjacent to the dam 50 to allow
bonding with the dam 50, as shown 1n FIG. 3. This makes 1t
possible to ensure a suilicient surface area for the hiquid
crystal display on the substrates 1 and 4.

In addition, the seal 2 1s preferably formed so as to be
thicker than the cured dam 50. Thus, the sealing properties are
thereby improved.

The second substrate 4 provided with the oppositely dis-
posed second liquid crystal display element 107 1s subse-
quently positioned for lamination, and the two substrates are
pressed and laminated 1n a vacuum, kept in an electric furnace
at 120° C. for 10 minutes, and bonded together, yielding an
clectrooptical apparatus.
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The present embodiment was described with reference to a
coating solution 11 as the liquid crystal, but the present inven-
tion 1s not limited by the liquid crystal and may be applied, for
example, to cases involving the use of 1nk materials (positive
hole materials, luminescent materials) for organic EL appli-
cations.

Two specific examples of electronic devices 1n which the
liquid crystal display panel pertaining to the present invention
can be used will now be briefly described with reference to
FIGS. 8 and 9.

The liquid crystal display panel pertaining to another
embodiment of the present invention will first be described as
an example of application to the display unit of a portable
personal computer (so-called notebook computer). FIG. 8 1s a
perspective view depicting the structure of the personal com-
puter. As shown in the drawing, the personal computer 91
comprises a main body 912 provided with a keyboard 911,
and a display unit 913 obtained using the liquid crystal dis-
play panel pertaining to the present invention.

The liquid crystal display panel pertaining to still another
embodiment of the present invention will now be described
with reference to an example of application to the display unit
of aportable telephone. FIG. 9 15 a perspective view depicting
the structure of the portable telephone. As shown 1n the draw-
ing, the portable telephone 92 comprises an earpiece 922 and
a microphone 923 in addition to a plurality of control buttons
921, as well as a display unit 924 obtained by applying the
liquad crystal display panel pertaining to the present imven-
tion.

Liquid crystal television sets, viewlinder-type/direct-view
video cameras, car navigation systems, pagers, electronic
notebooks, electronic calculators, word processors, worksta-
tions, camera phones, POS terminals, digital still cameras,
and other applications can be cited in addition to the personal
computer shown in FIG. 8 and the portable phone shown 1n
FIG. 9 as examples of electronic devices obtained using the
liquid crystal display panel pertaining to the present mven-
tion, and no specific limitations are imposed on such appli-
cations.

Also, cases mvolving a liquid crystal apparatus as the elec-
trooptical apparatus were described with reference to the
above embodiments, but the present invention 1s not limited to
these cases alone and may also include electroluminescent
devices such as, in particular, organic electroluminescent
devices and inorganic electroluminescent devices, as well as
plasma display devices, FED (field-emission display)
devices, LED (light-emitting diode) display devices, electro-
phoretic display devices, flat panel monitors, liquid crystal
shutters, and other miniature television sets, and various elec-
trooptical apparatuses featuring digital micromirror displays
(DMDs) and other devices.

As used herein, the following directional terms “forward,
rearward, above, downward, vertical, horizontal, below and
transverse’” as well as any other similar directional terms refer
to those directions relative to a device or an apparatus con-
structed 1n accordance with the present invention. Accord-
ingly, these terms, as utilized to describe the present invention
should be interpreted relative to a device or an apparatus
constructed 1n accordance with the present invention.

Moreover, terms that are expressed as “means-plus func-
tion” in the claims should include any structure that can be
utilized to carry out the function of that part of the present
invention. The terms ol degree such as “substantially”,
“about” and “approximately” as used herein mean a reason-
able amount of deviation of the modified term such that the
end result 1s not significantly changed. For example, these
terms can be construed as including a deviation of at least
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+5% of the modified term 1f this deviation would not negate
the meaning of the word 1t modifies.

This application claims priority to Japanese Patent Appli-
cation No. 2003-065319. The entire disclosure of Japanese
Patent Application No. 2003-065319 1s hereby incorporated
herein by reference.

While only selected embodiments have been chosen to
illustrate the present mvention, 1t will be apparent to those
skilled 1n the art from this disclosure that various changes and
modifications can be made herein without departing from the
scope of the invention as defined in the appended claims.
Furthermore, the foregoing descriptions of the embodiments
according to the present invention are provided for 1llustra-
tion only, and not for the purpose of limiting the invention as
defined by the appended claims and their equivalents. Thus,
the scope of the mmvention 1s not limited to the disclosed
embodiments.

What 1s claimed 1is:

1. An electrooptical manufacturing apparatus for manufac-
turing an electrooptical apparatus, comprising:

a dam-forming section being configured and arranged to
form a dam that defines a liquid crystal area on a first
internal surface of a first substrate, the dam including
fluororesin to be liquid-repellent 1n order to realize low-
wettability of the dam;

a seal-forming section being configured and arranged to
form a seal disposed around an external periphery of the
dam to seal a second substrate that 1s disposed opposite
to the first substrate, the seal-forming section being
separately configured from the dam-forming section to
form the seal to be independent of the dam, the dam
being configured to separate the liquid crystal from the
seal to prevent any contact between the liquid crystal and
the seal;

a droplet-gjecting section being configured and arranged to
drop a specific amount of liquid crystal inside the dam,
the droplet-gjecting section being a piezo-jet type;

a heating unit being configured to heat the droplet-ejecting

section 1n order to raise temperature and maintain
desired fluidity of the liquid crystal; and

a pressure applying section being configured and arranged
to press the second substrate onto the seal formed on the
first substrate.

2. The electrooptical manufacturing apparatus according to
claim 1, wherein

the seal-forming section 1s further configured and arranged
to form the seal such that the seal extends higher than the
dam from the first substrate prior to laminating the sec-
ond substrate onto the first substrate.

3. The electrooptical manufacturing apparatus according to
claim 1, wherein

the dam-forming section and the seal-forming section are
further configured and arranged to form the dam and the
seal adjacent to each other.

4. The electrooptical manufacturing apparatus according to
claim 1, wherein

the dam-forming section and the seal-forming section are
turther configured and arranged to form the dam and the
seal from the same material.

5. The electrooptical manufacturing apparatus according to
claim 1, wherein

the seal-forming section 1s further configured and arranged
to form the seal with spacing particles.
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6. The electrooptical manufacturing apparatus according to the spacing particles are dispersed 1n a coating solution
claim 1, wherein the droplet-ejecting section is further con- with the liquid crystal.
figured and arranged to disperse spacing particles on the first 8. The electrooptical manufacturing apparatus according to
substrate. claim 1, wherein
5 the seal 1s a thermosetting or photo-setting adhesive.

7. The electrooptical manufacturing apparatus according to
claim 6, wherein * % % % %
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